INTRODUCTION
Spices and herbs are produced from botanically diverse plants grown in a wide variety of soils and climates. Depending on the plant, different parts of them may be used, such as: bulbs, roots, rhizomes, stems, leaves, bark, berries, buds, arils and seeds. In some cases, the whole plant is used.
Spices and herbs exhibit antimicrobial and antifungal activities because of their content of essential oils (B u r t, 2004 ; M a y a c h i e w and D e v a h as t i n, 2008; P o n c e et al., 2008) .
Mint (Mentha piperita L.), commonly called peppermint, is a well-known herbal remedy used for a variety of symptoms and diseases. In the popular medicine, it is used to treat nausea, flatulence, vomiting, indigestion, stomach cramps, menstrual cramps and parasitosis (F o n s e k a -K r u e a l and F e rn a n d e z, 2003). It is also recognized for its carminative, stimulant, antispasmodic, antiseptic, anti-inflammatory, antibacterial and antifungal activities (G u ed ó n and P a s q u i e r, 1994; S e a n et al., 2004) . Among the identified compounds some had already been reported as having antimicrobial activity, including 1,8-cineole, limonene, linalool and menthol (M a z z a n t i et al. 1998; I s c a n et al., 2002) .
Caraway (Carum carvi L.), with its pleasant aroma, is used to spice different foods. The finally chopped leaves are used in the preparation of soups, and seeds in bakery and confectionary industry. Also, it plays an important role in the flavouring of alcoholic beverages.
The dried ripe fruits of Carum carvi are used in folk medicine as a carminative, since it is effective against spasmodic gastrointestinal complaints, flatulence, irritable stomach, indigestion, lack of appetite, and dyspepsia in adults The aim of this study was to investigate the effect of various concentrations of mint and caraway on the growth of three mycotoxigenic Aspergillus species (A. fumigatus, A. flavus and A. ochraceus) and production of aflatoxin B1 by A. flavus.
MATERIAL AND METHODS
Effect of various concentrations of caraway and mint on the growth of three toxigenic species of genus Aspergillus (A. fumigatus, A. flavus and A. ochraceus) was investigated. An inhibition of aflatoxin B1 (AB1) production during the growth of A. flavus by spices was examined, too.
Microorganisms. A. fumigatus Fres., Aspergillus flavus Link and A. ochraceus Wilhelm were isolated from some spices and then maintained on Sabouraud maltose agar (SMA) slants at 4°C.
Spices. Mint (Mentha piperita L.) and caraway (Carum carvi L.) were taken from the market. Before the experiments started, examination of a possible contamination of spices with AB1 was done.
Spices. Yeast extract sucrose (YES) medium (yeast extract -20g, sucrose -150g, distilled water -1000 ml) was used for the investigation of the fungal growth and AB1 production. Various concentrations (0.5, 1.0, 1.5 and 2.0%) of dried and sterilized spices were added to the basal medium.
Culture conditions. Erlenmayer flasks (300 ml) with YES medium (100 ml) were inoculated with 10 ml of inoculum and then incubated on rotary shaker for 10 days at 25°C. The cultures were grown on SMA slants for 7 days at 25°C. Conidia were harvested from slants with 10 ml of sterilized distilled water. The final conidial suspension was adjusted to an approximate conidia concentration of 10 7 /ml.
All experiments were performed in duplicate. Analyses. Total dry weight (g/l), pH values and residue of AB1 after 10 days of the growth were determined.
Total dry weight determination: the obtained biomass was separated from the medium by filtration through a filter paper, followed by drying at 105°C for 24 h. The yield of obtained biomass was calculated and expressed as total dry weight (g/l) (Š a r i ã, 2007) .
pH values of YES medium (initial -5.50 and at the end of experiments) were measured with an Iskra MA 5730 pH-meter.
Qualitative and quantitative determination of AB1 was carried out by using comparatively two methods: a) thin-layer chromatography (TLC) and b) direct enzyme-linked immunosorbent assay (CD-ELISA). a) TLC method (according to O.A.O.C. Methods, 1990): 25 ml of sample was extracted with 100 ml of a mixture of acetonitril and tap water (9:1), agitated on a shaker for 30 min. and then filtered; 50 ml of filtrate was extracted with 2x25 ml of n-hexane. Concentrations of AB1 were estimated visually, comparing them with a standard of pure AB1 from Aspergillus flavus supplied by Fluka Biochemika 294889, Switzerland. b) Direct enzyme-linked immunosorbent assay (CD-ELISA) was done using Neogen Veratox® testing kits. Free mycotoxin in the samples and controls are allowed to compete with enzyme labeled mycotoxin (conjugate) for the antibody binding sites. After washig, the substrate is added, which reacts with the bound conjugate to produce blue colour. More blue colour means less mycotoxin. The test is read in a microwell reader (Thermolabsystem, Thermo, Finland) to optical densities. The optical densities of the controls from the standard curve and the sample optical densities are plotted against the curve to calculate the exact concentration of mycotoxin. Tables 1, 2 and 3 point to an extremely high effect of mint concentrations at 0.5, 1.0, 1.5 and 2.0% on the growth of A. fumigatus, A. flavus and A. ochraceus.
RESULTS AND DISCUSSION

Mycological investigation. Mint. Results given in
After 10 days cultivation of A. fumigatus in YES medium with addition of 0.5% of mint, and at temperature of 25°C, a decrease of about 95% of the content of total dry weight comparing to the control (medium with 0.5% of mint -0.14 g/l, control -2.57 g/l) was found out (Table 1) . Visually, a poor, loose growth was observed. Colour of the medium was reddish.
In samples with 1.0, 1.5 and 2.0% of mint at the end of experiment, the growth of A. fumigatus was reduced, and hardly visible. Media were yellowish and hazy. pH values increased with the increase of mint concentrations (0.5% -6.86, 2.0% -7.91). A. flavus showed higher sensitivity towards mint concentrations (Table 2) . After the experiment, total dry weight (g/l) in control was 2.86. The growth was reduced by about 97% in medium with 0.5% of mint (0.01 g/l). A pelleted growth was observed, medium was hazy and yellowish. By the further increase of concentrations the growth was minimized. Media were bright brown (1.0% of mint) and brown (1.5 and 2.0% of mint) coloured. Small changes in pH values were noticed (medium with 0.5% of mint -6.34 and with 2.0 -7.02). Total dry weight in YES medium with 0.5% of mint after 10 days cultivation of A. ochraceus was decreased by about 82% in regard to the control (Table 3) . A loose growth was observed. Medium was yellowish and clear.
Mint concentrations of 1.0, 1.5 and 2.0% affected significantly the growth of A. ochraceus. It was hardly visible. At the end of the cultivation, medium containing 1.0% of mint was hazy and greenish-brown, with 1.5% reddish--brown, and those with 2.0% of mint were brown. pH values varied slightly. Tables 4, 5 and 6 point to slower antifungal activity against fungal species tested in comparison with mint.
The most sensitive was found to be A. fumigatus. It was established that the growth of A. fumigatus in YES medium with 0.5% of caraway was inhibited about 72% (total dry weight -0.73 g/l) in regard to control (total dry weight -2.58 g/l) ( Table 4) . A loose growth was observed and colour of medium changed from yellow (at the beginning of cultivation) to bright brown (at the end of cultivation). Medium was hazy.
Concentrations of caraway at 1.0, 1.5 and 2.0% reduced the growth of A. fumigatus significantly (growth hardly visible). Media were clear and bright yellow coloured, at the beginning of experiment and intensive yellow (medium with 1.0 and 1.5% of caraway) or yellowish-brown (medium with 2.0% of caraway) at the end of experiment. pH values of media increased constantly from 5.53 (control) to 7.79 (medium with 2.0% of caraway). In further experiments, it was found out that A. flavus showed higher resistance against caraway. After 10 days cultivation of A. Flavus, in medium containing 0.5% of caraway, a decrease of about 15% of the growth was observed (Table 5) . At the beginning of cultivation, a pelleted growth of A. flavus was noticed and medium was clear and in yellow-green shades. At the end of cultivation colour of medium changed into yellow. The broth was hazy.
With the increase of caraway concentrations, the growth of A. flavus was reduced. At the end of experiment, in medium with 1.5% of caraway, the total dry weight (g/l) was only 0.23 (control -2.86 g/l). In medium with 2.0% of caraway a hardly visible growth was observed.
Growing in YES medium with 1.0% of caraway A. flavus produced pellets. Medium was slightly hazy and yellow-green. During the growth, colour changed into bright brown shades. At the end of cultivation, medium was hazy, as well as those with the addition of 1.5 and 2.0% of caraway. At higher concentrations colour of media varied from bright brown to dark brown. pH of these media increased with the increase of caraway concentrations (control -6.42, medium with 2.0% of caraway -7.74). A significant inhibitory effect of caraway concentrations on the growth of A. ochraceus was established. The concentration of only 0.5% reduced total dry weight by about 85% (0.65 g/l) in regard to control (4.47 g/l) ( Table 6 ). Application of higher concentrations of caraway reduced more the growth of A. Ochraceus, si in the medium with 2.0% of caraway it was very poor.
Colour of YES media with caraway added varied from yellow (0.5, 1.0 and 2.5% of caraway) to intensive yellow (2.0% of caraway). The media were clear (0.5% of caraway) to slightly hazy (1.0% of caraway) or hazy (1.5 and 2.0% of caraway) at the beginning of the experiment. At the end of the growth, the colour varied from yellowish (0.5% of caraway), greenish-brown (1.0% of caraway), reddish-brown (1.5%) to brownish shades (2.0% of caraway). pH values increased with the increase of caraway concentrations (control -6.59, medium with 2.0% of caraway -7.75).
Many authors examined an antifungal activity of caraway, too. S o l im a n and B a d e a (2002) investigating the effect of caraway and some other spices on the growth of a few Aspergillus species (A. flavus, A. parasiticus, A. ochraceus) established an inhibition against them. K a r a l i ã (2008) investigated the effect of various concentrations (0.07, 0.1, 0.5, 1.0 and 2.0%) of caraway exstracts on the growth of A. flavus, A. sydowii, Eurotium herbariorum, Penicillium aurantiogriseum and P. corylophilum. According to this research, the growth of A. sydowii, E. herbariorum and P. aurantiogriseum was inhibited completely (100%) by 0.5% of caraway extract, 88% of A. flavus and 73% of P. Corylophilum. 
